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(54) Optical cross-connect utilizing metal/hydride mirrors 



(57) An optical cross-connect switch[10] for routing 
light signals between N input optical fibers[12] and M 
output optical fibers[14]. The switch utilizes an NxM 
array of optical switching elements[15,16], each optical 
switching element[15,16] routing a light signal from one 
of the input optical fibers[12] to one of the output optical 
fibers[14]. Each optical switching element[15,16] 
includes a layer of a switching material, first and second 
transparent electrodes[32,35] overlying the layer of 
switching material[34], and a layer of hydrogen reservoir 
material[33] adjacent to the layer of switching mate- 
rial[34]. The switching material has first and second 
states. The switching material is transparent to the light 
signals in the first state, and the switching material 
reflects the light signals in the second state. The state of 
the switching material is determined by the concentra- 
tion of hydrogen in the material. The hydrogen reservoir 
material supplies hydrogen to the switching material 
when a first potential difference is applied between the 
first and second electrodes[32,35] and absorbs hydro- 
gen from the switching material when a second poten- 
tial difference is applied between the first and second 
electrodes[32,35]. The switching material preferably 
includes a material chosen from the group consisting of 
alkali, alkaline-earth, rare-earth metals, and the alloys 
and hydrides thereof. 
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Description 

Field of the Invention 

[0001] The present invention relates to optical 5 
switching devices, and more particularly, to cross-con- 
nect switches for routing light signals. 

Background of the Invention 

[0002] Optical fibers provide significantly higher 
data rates than electronic paths. However, effective uti- 
lization of the greater bandwidth inherent in optical sig- 
nal paths requires optical cross-connect switches. In a 
typical telecommunications environment, switching of 
signals between optical fibers utilizes an electrical 
cross-connect switch. The optical signals are first con- 
verted to electrical signals. After the electrical signals 
have been switched, the signals are again converted 
back to optical signals that are transmitted via the opti- 
cal fibers. To achieve high throughput, the electrical 
cross-connect switches utilize highly parallel, and highly 
costly, switching arrangements. However, even with 
such parallel architectures, the cross-connect switches 
remain a bottleneck. 

[0003] A number of optical cross-connect switches 
have been proposed; however, none of these have suc- 
cessfully filled the need for an inexpensive, reliable, 
optical cross-connect switch. One class of optical cross- 
connects depends on wavelength division multiplexing 
(WDM) to affect the switching. However, this type of sys- 
tem requires the optical signals being switched to have 
different wavelengths. In systems where the light sig- 
nals are all at the same wavelength, this type of system 
requires the signals to be converted to the desired 
wavelength, switched, and then be re-converted to the 
original wavelength. This conversion process compli- 
cates the system and increases the cost. 
[0004] A second type of optical cross-connect uti- 
lizes total internal reflection (TIR) switching elements. A 
TIR element consists of a waveguide with a switchable 
boundary. Light strikes the boundary at an angle. In the 
first state, the boundary separates two regions having 
substantially different indices of refraction. In this state 
the light is reflected off of the boundary and thus 
changes direction. In the second state, the two regions 
separated by the boundary have the same index of 
refraction and the light continues in a straight line 
through the boundary. The magnitude of the change of 
direction depends on the difference in the index of 
refraction of the two regions. To obtain a large change in 
direction, the region behind the boundary must be 
switchable between an index of refraction equal to that 
of the waveguide and an index of refraction that differs 
markedly from that of the waveguide. 
[0005] Prior art TIR elements that provide a large 
change in index of refraction operate by mechanically 
changing the material behind the boundary, and hence, 



have relatively slow switching speeds. In addition, 
mechanical devices have reliability problems. For exam- 
ple, U.S. Pat. No. 5,204,921, Kanai, etaf. describes an 
optical cross-connect based on an array of crosspoints 
in a waveguide. A groove at each crosspoint, may be 
switched "on** or "off," depending upon whether the 
groove is filled with an index-matching oil. The index- 
matching oil has a refractive index close to that of the 
waveguides. An optical signal transmitted through a 
waveguide is transmitted through the crosspoint when 
the groove is filled with the matching oil, but the signal 
changes its direction at the crosspoint through total 
internal reflection when the groove is empty. To change 
the cross-point switching arrangement, grooves must be 
filled or emptied. In the system taught in this patent, a 
"robot" fills and empties the grooves. A faster version of 
this type of TIR element is taught in U.S. Patent 
5,699,462 which utilizes thermal activation to displace 
liquid from a gap at the intersection of a first optical 
waveguide and a second optical waveguide. However, 
the switching speed of this device is still relatively slow, 
and hence the device is limited to applications in which 
switching speeds of tens of milliseconds are acceptable. 
[0006] Prior art TIR elements with very fast switch- 
ing times are also known. These elements after the 
index of refraction of the material behind the boundary 
by applying an electric field to a material whose index of 
refraction is a function of the electric field. For example, 
U.S. Patent 5,078,478 describes a TIR element in which 
the waveguide is constructed in a ferroelectric material. 
The index of refraction of the ferroelectric material along 
a boundary within the waveguide is altered by applying 
an electric field across a portion of the waveguide. 
While this type of device switches in nanoseconds, the 
change in index of refraction is very small, and hence, 
the direction of the light can only be altered by a few 
degrees. Deflections of this magnitude complicate the 
design of a cross-point array, and hence, commercially 
viable cross -connects based on this technology have 
not been forthcoming. 

[0007] Broadly, it is the object of the present inven- 
tion to provide an improved optical cross-connect 
switch. 

[0008] It is a further object of the present invention 
to provide an optical cross-connect switch whose state 
may be switched faster than mechanically based sys- 
tems. 

[0009] It is a still further object of the present inven- 
tion to provide an optical cross-connect switch that pro- 
vides large angles of deflection. 
[0010] These and other objects of the present 
invention will become apparent to those skilled in the art 
from the following detailed description of the invention 
and the accompanying drawings. 

Summary of the Invention 

[0011] The present invention is an optical cross- 
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connect switch for routing light signals between N input 
optical fibers and M output optical fibers. The switch 
includes an NxM array of optical switching elements, 
each optical switching element' routing a light signal 
from one of the input optical fibers to one of the output 5 
optical fibers. Each optical switching element includes a 
layer of a switching material, first and second transpar- 
ent electrodes overlying the layer of switching material, 
and a layer of hydrogen reservoir material adjacent to 
the layer of switching material. The switching material w 
has first and second states. The switching material is 
transparent to the light signals in the first state, and the 
switching material reflects the light signals in the second 
state. The state of the switching material is deiermineu 
by the concentration of hydrogen in the material. The 15 
hydrogen reservoir material supplies hydrogen to the 
switching material when a first potential difference is 
applied between the first and second electrodes and 
absorbs hydrogen from the switching material when a 
second potential difference is applied between the first 20 
and second electrodes. The switching material prefera- 
bly includes a material chosen from the group consist- 
ing of alkali, alkaline-earth, rare-earth metals, and the 
alloys and hydrides thereof. 

25 

Brief Description of the Drawings 
[0012] 

Figure 1 is a cross-sectional view of an optical 30 
cross-connect according to the present invention. 

Figure 2 is a cross-sectional view of a switching ele- 
ment 30 according to the present invention 

35 

Detailed Description of the Invention 

[0013] The present invention is based on hydrides 
of the alkali, alkaline-earth and rare-earth metals. 
These metals form hydrides on exposure to hydrogen ao 
gas. The hydrides are insulating compounds which are 
transparent if the layers are sufficiently thin. In the case 
of lanthanum and yttrium, the metals can exist in two 
hydride states, MH 2 and MH 3 . The two hydride states 
can be easily converted from one to another by altering 45 
the hydrogen pressure. The di-hydride state has a par- 
tially filled conduction band, and hence, acts as a mirror. 
The tri-hydride state is a transparent insulator. 
[0014] The manner In which the present invention 
operates may be more easily understood with reference so 
to Figure 1 which is a cross-sectional view of an optical 
cross-connect switch 10 according to the present inven- 
tion. Switch 1 0 forms optical connections between an 
array of input optical fibers shown at 12 and an array of 
output optical fibers shown at 14. Switch 10 is con- 55 
structed from an array of switching elements. Exem- 
plary switching elements are shown at 15 and 16. 
Switch 10 has one row of switching elements corre- 
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sponding to each input optical fiber. The row of switch- 
ing elements corresponding to input fiber 1 3 is shown at 
19. The number of switching elements in each row is 
equal to the number of output optical fibers. Each 
switching element has two states, a "mirror" state in 
which the element behaves as a mirror that reflects a 
light signal incident thereon and a "transparent" state in 
which the element passes that light signal. Those 
switching elements that are in the mirror state are 
shown as solid lines in Figure 1, while those switching 
elements that are in the transparent state are shown as 
dotted lines. Hence, switching element 15 connects 
input fiber 1 7 to output fiber 1 8 via path 1 1 , while switch- 
ing element 16 passes the light from input fiber 17 onto 
switching element 15. 

[0015] The manner in which the switching elements 
are constructed can be more easily understood with ref- 
erence to Figure 2, which is a cross-sectional view of a 
switching element 30 according to the present inven- 
tion. Switching element 30 includes a metal hydride 
layer 34 that is placed between transparent electrodes 
32 and 35. A hydrogen source region 33 is placed next 
to metal hydride layer 34. When the potential of elec- 
trode 35 is negative relative to electrode 32, hydrogen 
ions move from source region 34 into metal hydride 
layer 34. When the potential difference is reversed, 
hydrogen ions leave metal hydride layer 34 and return to 
source region 33. A switching circuit such as circuit 20 
is provided for each switching element, the, switching 
circuit being controlled by a signal on a control line 21. 
With some metal hydrides, a bias potential, V B , may be 
needed to hold the concentration of hydrogen in the 
hydride at a fixed level. 

[0016] In the preferred embodiment of the present 
invention, each switching element also includes an anti- 
reflecting coating 31 to prevent light from being reflected 
from the surface of the switching element because of 
the difference in index of refraction of air and transpar- 
ent electrode 32. Without such a coating a small fraction 
of the light incident on each transparent element would 
be reflected into an output fiber. Such signals would 
contribute to the noise levels in the output fibers, and 
hence, are to be avoided. 

[0017] A number of metal hydrides may be used to 
construct the switching elements. For example, 
hydrides of lanthanum, gadolinium, and yttrium can be 
utilized. LaH 2 changes to LaH 3 , and YH 2 to YH 3 upon 
the addition of hydrogen. In addition, the Mg alloys of 
such compounds may also be utilized. In the di-hydride 
state, these compounds are metallic. The tri-hydride 
state is insulating or semiconducting. 
[0018] The transparent electrodes are constructed 
from transparent conductors such as indium tin oxide or 
from a suitably doped transparent semiconductor such 
as GaAs. 

[0019] Various hydrogen sources can be used. The 
hydrogen source may be in the form of a jell, liquid, or 
solid. For example, 5M NaOH or KOH solution can be 
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used in liquid or gel form. An ion implant of an amor- 
phous layer of GaAs may also be utilized. An implant 
dose >10 15 hydrogen ions/cm 2 and an implant depth of 
about 100 nm may be used. 

[0020] The above-described embodiments of the 
present invention utilize switching elements that are pla- 
nar. However, it will be obvious to those skilled in the art 
from the preceding discussion that other shapes may be 
advantageously utilized. For example, each of the 
switching elements can be shaped as a parabolic reflec- 
tor for imaging light from the corresponding input fiber to 
the output fiber associated with that switching element. 
[0021] Various modifications to the present inven- 
tion will become apparent to those skilled in the art from 
the foregoing description and accompanying drawings. 
Accordingly, the present Invention is to be limited solely 
by the scope of the following claims. 



sisting of alkali, alkaline-earth, rare-earth metals, 
and the hydrides thereof. 

5. The optical cross-connect switch (1 0) of one of the 
5 preceding Claims wherein said optical switching 
elements (15,16) comprise a planar surface for 
reflecting said light signal when said switching 
material is in said second state. 

w 6. The optical cross-connect switch (1 0) of one of the 
preceding claims wherein said optical switching 
elements (15,16) comprise a parabolic surface for 
imaging light from a corresponding input fiber into a 
corresponding output fiber when said switching 

is material is in said second state. 



Claims 

20 

1 . An optical cross-connect switch (1 0) for routing light 
signals between N input optical fibers (12) and M 
output optical fibers (14), said switch comprising: 
an NxM array of optical switching elements (15,16), 
each optical switching element (15,16) routing a 25 
light signal from one of said input optical fibers (12) 
to one of said output optical fibers (14), each optical 
switching element (15,16) comprising a layer of a 
switching material, first and second transparent 
electrodes (32,35) overlying said layer of switching 30 
material (34), and a layer of hydrogen reservoir 
material (33) adjacent to said layer of switching 
material (34), said switching material having first 
and second states, said switching material being 
transparent to said light signals in said first state 35 
and said switching material reflecting said light sig- 
nals in said second state, said state of said switch- 
ing material being determined by the concentration 
of hydrogen in said material, said hydrogen reser- 
voir material supplying hydrogen to said switching ao 
material when a first potential difference is applied 
between said first and second electrodes (32,35) 
and absorbing hydrogen from said switching mate- 
rial when a second potential difference is applied 
between said first and second electrodes (32,35). 45 



2. The optical cross-connect switch (10) of Claim 1 
wherein said hydrogen reservoir medium com- 
prises KOH. 

50 

3. The optical cross-connect switch (10) of Claim 1 or 
2 wherein said hydrogen reservoir material com- 
prises a transparent conductor implanted with 
hydrogen ions. 

55 

4. The optical cross-connect switch (10) of one of the 
preceding Claims wherein said switching material 
comprises a material chosen from the group con- 
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